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History ---&-----&---@----@----*----i ----’ I----*----&- --mm- - -&---+. - 
L. W. Thudichum 
(1884) 
Known as “Father or 
Neurochemistry” 
Discovered 
Sphingolipids while 
studying the chemical 
constituents of the 
brain 
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History 
--&---&---*----*----+---*----@-----$----*-- ---$-- --*-----I?-- 

Hubert Carter (1930s) 
g:: Found full stereochemistry structure of 

sphingosine 

In the 1950s 
2:: More structures were found 
K Sphingolipids found outside of brain 

3 
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What’s a Sphingolipid 
E Lipids that contain amino alcohol sphingosine 
g Sphingoid base: D-erythro-sphingosine 
s Classified into: Ceramides, Sphingomyelins, and 

Glycosphingolipids 
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Ceramides 
- -.-- --,-s-v .-- --& - --* ---- * ---- *-- --*-- --@----+---*----p- 

go Either a saturated or unsaturated long chain 
(C16, CM, C22, C24) 

g:: Have a fatty acid linked to the amino group 
of sphingosine base. 

OH CIH 



Sphingomyelin - -*- - --*----& - --i-- --@----i----i-- --& - - -’ n m- --*-- --*----i-- 

:: Major component of plasma membranes, 
golgi, serum lipoproteins of animal tissue. 

G Contains polar head group phosphoryl 
choline at primary alcohol of ceramide. 

E Known also as phospholipid 

CH&CH,)., ,CH=CH-CH-CH-$zH, ~1 
I I 

OH NH O- ~-O-CH2CH.-,~~CH3), 
I I L . J m-8 I = -2 0 0 - 
I 
F; I 
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Glycosphingolipid 
--*-- --@----i-- --&- --&----& ---.----@-- - -*- - --+ - - -e- - - -*- - 

G Has 1 or more carbohydrates linked to the primary 
alcohol of ceramide 

+ Cerebrosides 
l Monosaccharide form: important constituents in the brain and 

nervous tissue. 
l Di-, tri-, and tetrasaccharide forms: Found in spleen, liver, 

plasma, and erythrocytes 

+ Gangliosides 
l More complex sphingolipid 
l Abundant in gray matter of human brain 
l Unlike lipids, they are soluble in water and polar organic 

solvents 

_ .-- 
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Function 
g Critical for maintenance of membrane structure 

I I I g Modulate behavior of growth factor receptors and 
i i 
I I 

extracellular matrix proteins 
I I 1 I G Serve as binding sites for m.o., microbial toxins, 
1. ‘I and viruses 
I’ I 
I ‘1 
I‘ g Function as “second messengers” for growth 
i i 1 I factors, cytokines, differentiation factors, 1 a,25 
1 I I I dihyroxycholecalciferol, and a llist of agonists and . 
I I. toxins. I I 
I I I 
1 I 
I I 
I I ‘- - - I 
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Function - Second Messengers 
, , --*-- --*----*-- --*-- --*----*----q-- --*----*-- --F-- --*----+- 

’ I I I I Growth factors and cytokines induce 
I I 
I I sphingomyelin (SM) hydrolysis to produce 
I I 
I I I I different metabolites by activating enzyme 
I I 
I b ,I systems to alter cell behavior. 
I” ;‘I I >I 
I I 

E Platelet-derived growth factor (PDGF) causes SM 
I’ .I 
I I 

to undergo hydrolysis and further metabolic rxns 
I. I I I to form sphingosine l-phosphate, which is a 
I I I I 

potent mitogen and an inhibitor of apoptosis. 

’ I I 

’ I I I I 7 I- -- I 
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Second Messengers - Cont’d 
--.----,----#----,----.----.----.----p-- -*----~---+ ____ $-- 

g Tumor necrosis factor-a (TNF-a) induces SM to 
hydrolyze into ceramide, which inhibits growth 
and induces apoptosis 
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P r o d u c t S p h i n g o l l p d  c o n te n t ~ 3 o n s u m p tlu n  p e r  capi ta  
m m o l/kg  r n m o l /ye a r  C 9 9 W  Dawy  P r o d u c ts 3 8  5  

M ilk ( 3 .5 % )  0  1 6  5  7 6  
L o w fa t M ilk 1 ~ 2 % )  0 .0 9  5  4 9  
C h e e s e  ( 2 9 % )  1 .3 3  1 5 .9  
F r o z e n  Dai ry  /I 1 % )  0  5  7 .0 4  
B u tte r  0 .4 6  0 .9 2  

E g g s  2 .2 5  1 4  
T o ta l  M e a t P r o d u c ts 3 4  3  

B e e f a n d  vea l  0 .3 9  1 1 .3  
Ch icken  a n d  tu rkey  0  3 9  to  0  5 9  1 4  
F ish 0  1 3  0 .9  

V e g e tab les  0  0 4  to  2  4  8  1  to 3 4  
P o ta to  0 .6 9  4  1  
T o m a to  0  4 2  1 7  
S o y b e a n s  2 4  n a  

Frurts a n d  n u ts 0  0 7  to  0  8  3 3  J L  
Cerea ls  0  5 8  3 3  

T o ta l  p e r  yea r  1 5 3  tlj 1 8  1  1  1 6  t 0  1  jg  



i 

--- 

i I I 
I I 
1 I 
I I 
1 I 
1 I 

’ I I 
I I 
I I 
I I 
I I 
I I 

’ I I 
’ ,I I- 

I : ’ I 

’ I I 
I I 
1’. I 
I I 
I I 

’ I I 
i I 
I I 
! I 
I I 
,- -- -I 

- 

Sphingolipids in Food .-i----&---*-- --*-- --* ---- * ---- *-- --* ---- *-- --q----*----p- 
Sphingolipids account for O.OL0.02% of the . diet . 
Vary with food type 

*Complex sphingolipids with different head 
groups and ceramide backbones - Animal 
tissue 

*Cerebrosides with glucose, galactose, mannose, 
and inositol - Plant tissue 
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Sphingolipids as 
Chemopreventive Agents 

--*-- --*----&- -+-- --i-----’ n ----*-- --*----*-- - -*----*----*-- 

g Colon cancer is the second leading cause of cancer 
mortality 

:‘: Of the list of food constituents that have been shown to 
block colon carcinogenesis, Sphingolipids are most 
prominent 

K Sphingosine inhibits protein kinase C, which has been 
associated with tumor promotion, and blocks induction of 
ornithine decarboxylase by phorbol esters, which is a 
biochemical marker of promotion of chemically-induced 
skin tumors in m ice. 

:: Sphingosine and ceramides induce cell differentiation in 
some transformed cell lines. 

/3 
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Recent Studies 
, , --$ ____ *----*----@----* ---- @ ---- I ---- i ---- ~----C----i ---- ?I-- 

I I 
I I 
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g Colon tumor incidence in mice fed sphingomyelin 
I I 
I I 

was reduced to 20% compared to mice fed a 

I, I 
control diet, which was 47%. 

I.:: I Ii’:,’ vcI 1, t:., ,:I 
G Sphingomyelin resulted in a significantly lower 

I 
1 I 

number of aberrant crypts induced by DMH 
1 I administration. 
I 1 

I I;.: ,.I + A feeding of GluCer, LacCer and G,, (intermediate 
I’,,.( 1 metabolites) at 0.025-o. 1% of the diet inhibited aberrant 
I 
I’ I crypt foci (ACF) by 50-60% 
I I 
I I 
I I 

I 
i 
I /+ 
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Recent Studies 
--*-- --*----&- --&- --*----&---& ----I ---- $-- ---$----*----pm 

G Substantial amounts of dietary sphingomyelin are 
digested and absorbed in the upper intestine, 
which reduces the amount of bioactive molecules 
reaching the colon. 

+ Preparation of the conjugate (ceram ide) w ith D- 
glucuronic acid w ill be poorly digested in the upper 
intestine, but sensitive to hydrolysis by bacterial p- 
glucuronidase in the colon. 

+ Cer-P-glucuronide inhibited ACF formation by 30-37%  
+ A longer colon, a longer exposure time to m icrobial 

enzymes, w ill give a stronger suppression of ACF H 
/s 



Factors that alter sphingolipid 
metabolism 

--*-- --*----&- --&- --F----@----i- - --*----*---+---.--r----*-- 

E Fumonisins are mycotoxins produced by 
Fusarium moniliforme and other fungi. 

g Cause diseases in animals that were fed 
contaminated grain. 

%s: Results in hepatoxicity and liver tumors in rats and 
affects the kidney. 

2:: Consumption of contaminated maize has been 
correlated with human esophageal cancer in areas 
of southern Africa and China 
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F u m o n isins  --- i----- i ------ i-----$ ----- i------ i----- i------ i----~ --  --*----I----p --  
5 ’; S truc tu re  sim ila r to  sph ingan ine . 
3 : T h e  ce llu lar  ta rge t is ce ram ide  synth a s e , w h ich  ca ta lyzes  

th e  a d d itio n  o f fa tty ac ids to  sph ingan ine  in  th e  d e  n o v o  
b iosynthes is o f sph ingol ip ids 

:g  B lock th e  b iosynthes is o f com p lex sph ingol ip ids a n d  resu lt 
in  th e  accum u lat ion o f sph ingan ine . 

:K  S p h ingan ine  is a  com p o u n d  th a t is tox ic to  m a n y ce lls a n d  
m a y accoun t fo r m a n y ce llu lar  e ffec ts o f th e s e  myco tox ins. 

:‘: S p h ingan ine  is a  use fu l sph ingol ip id  b iomarker  as  a n  e a rly 
clin ica l ind icator  o f exposu re  to  fu m o n isins  a n d  re la ted 
myco tox ins. 

/ 
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Conclusions v-m-- --.-m--e &- --&- --y----q----p---m ---- &- --&- ---i-----e-- 
Hyperproliferation is a common property of tumors and 
can have several causes: 

+ Increased rate of cell growth 
+ Reduced rate of cell death (apoptosis) 
+ Or a combination of both 

Sphingoid bases are highly cytotoxic, inhibit growth, and 
are potent inducers of apoptosis of tranformed cells. 
Cer-P-glucuronide may be an effective chemopreventive 
agent for human colon cancer. . 

Sphinganine is a good biomarker for mycotoxicity 
Bottom line: More studies need to be done on metabolism 
of Sphingolipids in humans 

/g- 
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